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The structure of (fifi) + dibaryon with strangeness s = —6 is studied in the extended chiral 
SU(3) quark model, in which vector meson exchange dominates the short range interaction. The 
resonating group method (RGM) is adopted, in which the ttO, and CC (hidden color) channels are 
involved. The color screening effect and the effects of mixing of scalar mesons on (fifi) + are also 
investigated. 
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I. INTRODUCTION 

Since the H dibaryon was theoretically predicted by 
Jaffe in 1977, searching dibaryons both theoretically and 
experimentally has attracted worldwide attention. Vari- 
ous quark models were proposed to study their possible 
cxistcnce. Different from the deuteron, whose property 
can be well explained by meson exchange mechanism on 
baryon level, dibaryon is supposed to be a color singlet 
multi-quark system with a sufficiently smaller size and 
dominance in quark-gluon degrees of freedom. Through 
these studies, we have enriched our knowledge of the 
strong interaction between quarks in the short -range re- 
gion and some aspects about the basic theory of strong 
interactions, Quantum Chromodynamics (QCD), espe- 
cially its nonperturbative effect. 

Because of complexity in QCD nonperturbative effect 
at lower-energy region, one has to develop OCD-inspired 
models. The constituent quark model 0[jHiH3] has been 
quite successful in understanding hadron spectroscopy 
and the short range behavior of hadron interactions even 
though we have not been able to derive the constituent 
quark model directly from QCD. Motivated by its success 
and combined with the chiral field theory, the model was 
then modified as the chiral quark model |6|]. Later on, 
as a generalization of the SU (2) linear a model, a chiral 
SU(3) quark model was developed to describe systems 
with strangeness 0- The chiral SU (3) quark model has 
been quitc successful in reproducing energies of baryon 
ground states, binding energy of deuteron, the nucleon- 
nucleon (NN) scattering phase shifts, and the hyperon- 
nucleon (YN) cross sections by performing the resonating 
group method (RGM) calculations. Based on this model, 
Zhang et al |8| predicted that the (f2f2) + dibaryon with 
,s = —6 is the most possible dibaryon candidate since its 
binding energy is large enough with small mean squared 
root radius in the model calculations. A suggestion to 
search its possible existence in heavy ion collision was 
also made. 81 
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In Ref.Q, we extended our chiral SU (3) quark model 
to include the coupling between the quark and vector 
chiral fields. Such extension was made mainly based on 
the following facts. Firstly, in the study of NN inter- 
actions on quark level, the short-range feature can be 
explained by one gluon exchange (OGE) interaction and 
the quark exchange effect, while in the traditional one 
boson exchange (OBE) model on baryon level it comes 
from vector meson (p, w, K* and (f) exchanges. Secondly, 
Glozman and Riska proposed the boson exchange model 
[To|. and found that the OGE can be replaced by vector- 
meson coupling in order to elucidate baryon structure. 
However, Isgur gave a critique on the boson exchangc 
model and insisted that OGE govern the baryon struc- 
ture ^3- Furthermore, though a valence lattice QCD re- 
sult shown by Liu et al did support the Goldstone boson 
exchange picture |l2j . Isgur considered such conclusion 
unjustified. Therefore, whether OGE or vector meson 
cxchange is the right mechanism in dcscribing the short 
range part of the strong interactions, or whether both of 
them are all important, is still a challengc. Ncvcrthclcss, 
our study on deuteron structure and the N N scattering 
phase shifts in the extended chiral SU (3) quark model |3| 
did show that quark-vector chiral field coupling interac- 
tions can substitute the OGE mechanism on quark level. 
In the extended chiral SU (3) quark model, instead of 
the OGE interaction, the vector meson exchanges play 
a dominate role in the short range part of the quark- 
quark interactions. Since geometric size of a dibaryon is 
small, the short range feature of the interactions should 
be important in describing its structure. Hence, a furthcr 
investigation on structure of (f2f2) + in the extended chi- 
ral SU (3) quark model should be helpful in resolving this 
issue. 

In Refs. 0, ^| , the CC (hidden color) channel and 
the color screening effect were investigated for (AA) 3 + 
(d*) dibaryon. In Refs. [H EH, the chiral SU(3) quark 
model and the extended chiral SU(3) quark model were 
used to study the baryon-meson interaction, in which dif- 
ferent mbring of scalar mesons a and e were discussed. It 
is interesting and important to study different mixing of 
scalar mesons for dibaryon system. 

In this work, we will investigate structure of (f2f2) + 
dibaryon in the extended chiral SU (3) quark model 
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TABLE I: Model parameters and the corresponding binding energies of Deuteron. Meson masses and cutoff masses: = 
138MeV, m K = 495MeV, m n = 548MeV, m n > = 958MeV, m a , = m e = 980MeV, m K = 1430MeV, m p = 770 MeV, m K , = 
892MeV, = 782MeV, = 1020MeV, A = 1500MeV for k and A = HOOMeV for other mesons. 



Chiral 5(7(3) quark model Extended chiral 517(3) quark model 







set I 


set II 


b u (fm) 


0.5 


0.45 


0.45 


QNNtt 


13.67 


13.67 


13.67 


Qch 


2.621 


2.621 


2.621 







2.351 


1.972 


fchv j Qchv 








2/3 


m a (MeV) 


595 


535 


547 


gl 


0.785 


0.086 


0.159 


gl 


0.571 


0.003 


0.062 


a uu (MeV/fm 2 ) 


48.1 


48.0 


42.9 


a us (MeV/fm 2 ) 


63.7 


85.3 


78.9 


a° uu (MeV/fm 2 ) 


-43.6 


-74.4 


-65.3 


a° us (MeV/fm 2 ) 


-50.8 


-100.2 


-89.9 


B deu (MeV) 


2.13 


2.19 


2.14 



framework. A detailed analysis of the vector meson ex- 
change, the CC channel, the color screening effect, and 
variance of the mixing angle between scalar mesons will 
be made. The paper is arranged as follows. A brief 
introduction of the extended chiral SU (3) quark model 
is shown in section II. The results of the binding ener- 
gies of (S1S1) + in the extended chiral SU (3) quark model 
with discussions are provided in section III. A summary 
is given in section IV. 



II. FORMULATION 
A. The Model 

In the extended chiral SU (3) quark model-, besides 
the nonet pseudo-scalar meson fields and the nonet scalar 
meson fields, the coupling between vector meson fields 
and quarks is also considered. With this generalization, 
the Hamiltonian of the system can be written as 



H =Y d T i -T G +Y,V ij , 



i<j 



and 
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OGE 



V- 



eh 



(1) 



(2) 



K c h = j- v s « (nj ) + J2 y pSa ftj ) + E yVa x 3 ) 

a— a— a— 

where Y] Tj — Tq is the kinetic energy of the system, 

i 

and Vij includes all the interaetions between two quarks. 



V™ is the confinement potential taken in quadratic 
form, is the OGE interaetion, and V-j represents 

the interaetions from the chiral field coupling, which, 
in the extended chiral SU (3) quark model, includes the 
scalar meson exchange V?j, the pseudo-scalar meson ex- 
change V? s and the vector meson exchange potentials. 
In Eq.(2), the OGE is taken in the usual form |9(, while 
the confinement potential is chosen in the quadratic form 



Vy onf — -A? ■ X C J o?- - A 1 ■ \jO,ijr?j 



(4) 



The quark-chiral field (scalar, pseudo-scalar and vector 
nonet mesons) induced interaetions are 

V Sa (nj) = -C(g dl ,m aa ,A c )X 1 (m Sa ,A c ,rij)X a (i)X a (j) 

+ V^(f ij ), (5) 



V VSa {n 3 ) = C(g ch , m pSa , A c ) - o _ {X 2 (m pSa , A c , r i3 ) 

A, 



\2m qi m qj 



{St ■ Sj) + [ H(m psJl] ) - (_^) 3 ff(A c r y ) 



Sij}\ a (i)\ a (j) , 



(G) 



V Wa (f f ij) = C(g c hv,m Va ,Ac)Xi(m Va ,A c ,rij)X a (i)Xa(j) 



+ C{g chv ,m Va ,A c )- 2 — (H H -— — ^ 

bm qi m q j g c hv M p 

+ ^ 1 ^ i ){Mrn Va ,A c ,r ij )(S i .S j ) 

Schv 1V1 p 

1 ( „, , , A r 

2 \ m l 

X a (i)X a (3) + vj/(r t3 ), (7) 
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and 



-C(g ch ,m Sa ,A c ) 



4m qi m qj 



{G(m Sa nj) 



(^)3 G(Acr .. )} £ . {di + ^)A a (z)A a (i),(8) 



C(g c hv,m Va , A c ) 



3m 2 



4m qi m qj 



9chv 



3M„ 



X {(^(m^rj 



(^L)3 G ( Acr )}£ . (ff + a-)A a (*)A a (j),(9) 



respectively, where 



this work, values of gc^-u, / c /«;, and m CT are taken to be 
the same as Ref . @ , which was used in the study of N N 
phase shift by fitting the binding energy of deuteron . In 
our calculation, 77 and 77' mesons are mixed from flavor 
singlet 770 an d flavor octet 778 mesons with 



?/ = ?7 8 sin 9 PS + 770 cos 9 PS , 
77 = 778 cos 9 P — 770 sin 9 P , 



(19) 



in which the mixing angle is taken to be the expcrimcntal 
value with 9 P = —23°. Other model parameters in the 
calculation are fbced by the mass splitting among N, A, 
A, £, and S, and the stability conditions of the octet 
(S = 1/2) and decuplet (S = 3/2) baryons, which are all 
listed in Table I. 



C(g,m,A) 
X 1 (m,A,r) 


g 2 A 2 m 
47r A 2 — m 2 ' 

= Y(mr) - —Y(Ar), 
m 
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(H) 


X 2 (m,A,r) 


= Y(mr) - ( — ) 3 Y(Ar), 
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Y(x) 


= -e x , 

X 


(13) 


H(x) 


X X* 


(14) 


G(x) 


- ~(1 


(15) 



Sij = 3 ((J j • f)(<jj ■ r) - (oj • CTj), 
and M p is a mass scale, taken as proton mass. 

B. Determination of parameters 



(16) 



III. RESULTS AND DISCUSSION 

In Ref. 0, Zhang et al predicted the new dibaryon 
candidate (f2f2) + , which is a deeply bound state formed 
due to the quark exchange effect and the chiral-quark 
coupling and the fact that the quark exchange effect be- 
tween two VI clusters makes these two f2 closed up, be- 
cause symmetry property of (OS1) + is very special 0. 
There are only six baryon-baryon systems with this kind 
symmetry property, they are (AA) sr=30 , (AA) S t=03, 
(A£*)st=3(i/2), (AS*)st=o(5/2), (S*O) ST=0 (i/ 2 ) and 
(fin)sT=oo- Since only (QQ)st=oo can not decay through 
strong interations among these six cases, in this sense 
(fifi) st=oo should be the most interesting dibaryon can- 
didate. In this section, we will further investigate the 
structure of (r2f2) + dibaryon with respect to the vec- 
tor meson exchange, the CC channel, the color screening 
effect, and the different mixing of scalar mesons. 



In the model, g c h is the coupling constant for scalar and 
pseudo-scalar chiral field coupling, which is dctcrmincd 
according to the following relation: 



9nNtt 



4tt 25 M 2 N 4tt ' 



(17) 



and ffjV7V7r/47r is taken to be the experimental value, 
which is about 14. g c h v and f c h v are the coupling con- 
stants for vector coupling and tensor coupling of the vec- 
tor meson field respectively. The meson masses m pSa , 
m Sa , and m Va are taken to be the corresponding ex- 
perimental values. Only the m a is treated as an ad- 
justable parameter. According to the vacuum sponta- 
neously breaking theory, its value should satisfy the fol- 
lowing relation 



(2m u ) 2 +ml, 



(18) 



which can be regarded as almost reasonable when the 
value of m a is located in the range of 550 ~ 650 MeV. In 



A. the effect from vector mesons exchange 

Structure of (f2f2) + is studied in the extended chiral 
SU(3) quark model in which the vector meson exchanges 
are included. Our calculated results are shown in Table 
II, from which it can be seen that the effect from the 
vector meson fields is quite similar to that from the one 
gluon exchange (OGE) interaction. In the extended chi- 
ral SU (3) quark model, (OS1) + is still a deeply bound 
state with 135 ~ 158 MeV in binding energy when the 
vector meson exchanges control the short range part of 
the quark-quark interaction. The detailed analysis can 
be found in Ref. EH. 



B. the effect from hidden color channel 

In Ref. the CC (hidden color) channel was investi- 
gated for the d* dibaryon. The mixture of the L = and 
L = 2 states shows that the effects of the tensor forces in 
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TABLE II: Binding energy B and rms R of the (nfi) + 
dibaryon in the coupled channel calculation. B = 2Mq — 











B(MeV) R[fm) 


Chiral SU(3) quark model 


170.9 


0.62 


Extended chiral 


set I 135.6 


0.60 


SU(3) quark model 


set II 158.0 


0.59 



the OGE and chiral-quark field coupling were also consid- 
ered. Their results show that the coupled channel effect 
is much stronger than the L state mixing effect caused 
by the tensor interaction. It is interesting to see what is 
the CC channel effect on the (f2f2) + dibaryon. Hcncc, 
the hidden color channel will be considered with respect 
to the (Or2) + dibaryon. According to Harvey's work 
[Isj . the hidden color channel wave function can be con- 
structed as 

\CC) S tr=-6,ST=00 = 

~m) ST=0Q + ^AsFcm) ST=00 (20) 

where As r c stands for the antisymmetrizer in the spin- 
flavor-color space. The corresponding matrbc elements of 
spin-flavor-color operators of coupled channels are given 
in Table III. 

After performing an off-shell transformation the 
results are tabulated in Table IV in the coupled-channel 
calculation. It is shown that the hidden color channel 
coupling only has very little effect on the binding energy 
of (f2fi) +. Comparing with the study of d* dibaryon, 
111 Refs. d fl4| . the results of the d* coupled-channel 
calculation show that the hidden color channel coupling 
has obvious effect on d* dibaryon. The binding energy 
of d* can be enhanced from 17 MeV to 23 MeV after the 
hidden color channel is included. 

We make an analysis to see why the hidden color 
channel effect is so diffcrcnt for the case of (f2f2) + and 
d*. From the matrbc elements of the Hamiltonian in 
the generator coordinate method (GCM) calculation [2(| , 
which can deseribe the interaction between two clusters 
qualitatively, one can see that the energy of the hid- 
den color state \CC) s t r =-6.ST=oo is much higher than 
that of (r20)o+ state, and the cross matrbc elements be- 
tween (riQ) + and its corresponding hidden color state 
\CC) s tr=-&,ST=oo is relatively small. But for the case 
of d*, the energy of the hidden color state in (AA)st=30 
case are relatively not as high as in the OS7 case, and 
the cross matrbc elements between (AA)st=30 and its 
corresponding hidden color state is relatively large. Ali 
of these features can be understood based on the quite 
different flavor and spin structures of (r2il) + and d*. 



TABLE III: Coefficients of spin-flavor-color operators. 
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CC 


CC 
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27 





27 




-P36 


-3 


-12 


-21 


A c • A c 


O12 


-72 





-18 




o 36 








-36 




O12P36 


8 


32 


2 




O36-P36 


-16 


8 


32 




O13P36 


8 


32 


20 




616-P36 


8 


-4 


20 




O14P36 


-4 


2 


35 


{<ji ■ <ji )fA? ■ A?^ 


O12 


-72 





-90 




o 36 





-48 


-60 




O12P36 


8 


32 


74 




036^36 


112 


-8 


88 




O13P36 


8 


32 


68 




6l 6 P 3 6 


8 


44 


68 




O14-P36 


12 


42 


63 


(as ■ ■ 


O12 


36 





-36 




3 a 


-60 





-12 




012P36 


-4 


-16 


44 




636 P36 


28 


16 


4 




613 p 36 


-4 


-16 


20 




616-P36 


-4 


32 


20 




014P36 


12 


24 





(T i • (T n 


012 


27 





-27 




o 36 


-45 





-9 




612 P36 


-3 


-12 


33 






21 


12 


3 




613 P 36 


-3 


-12 


15 




OiePse 


-3 


24 


15 




O14P35 


9 


18 





x{(i) ■ 

' x 8 \ J 8 \J 1 


O12 


36 





36 




o 36 


36 





36 




O12P36 


-4 


-16 


-28 




O36 P36 


-4 


-16 


-28 




O13P36 


-4 


-16 


-28 




Oi 6 P 36 


-4 


-16 


-28 




O14P36 


-4 


-16 


-28 


faetor 




1 

27 


1 

27 


1 

27 



C. color sereening effect 

It is well known that in the two-color-singlet-cluster 
system, the form and the strength of the confining poten- 
tial do not affect the resultant quantities much. In con- 
cerning to the (f2f2) + structure, the hidden-color chan- 
nel CC is added to enlarge the model space. Once the 
CC channel is considered, the color Van der Waals foree 
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TABLE IV: Binding energy B and rms R of the (fin) 0+ 
dibaryon in coupled channel calculation. B = 2Ma~E^ ( - l - )Q+ , 



R = 



TABLE VI: Binding energy B and rms R of the (ftfi) 0+ 
dibaryon in a coupled channel calculation B — 2Mn — 
E/qq\ + , R = y/ ( r 2 }, the parameters taken from Ref.|l6|. 







nn(L = o) 


nQ (L = 0) 

CC 


Chiral SU(3) 


-B(MeV) 


170.9 


171.0 


quark model 


l(fm) 


0.62 


0.62 


Extended chiral 


set I B (MeV) 


135.6 


135.7 


SU (3) quark model 


i?(fm) 


0.60 


0.60 




set II B(MeV) 


158.0 


158.1 




E(fm) 


0.59 


0.59 



B(MeV) R(fm) 



TABLE V: Binding energy B of the (f2fi) + dibaryon with 
r 2 and with error-function-like confinements in single channel 
calculation. B = 2Mn 



S2 - E {SIQ) 0+ ■ 







r 2 


Erf 


Chiral SU(3)quark model 


B (MeV) 


170.9 


163.6 




R(fm) 


0.62 


0.62 


Extended chiral set I 


B (MeV) 


135.6 


126.1 




R(fm) 


0.60 


0.61 


SU (3) quark model set II 


B (MeV) 


158.0 


149.1 




R(fm) 


0.59 


0.59 



appears. To eliminate this unreasonable force, one may 
use an error-function-like confining potential to take the 
color screening effect, namely, the nonperturbative QCD 
effect, into account [Lj. Therefore, it is necessary to ex- 
amine the stability of the resultant binding energy with 
respect to the form of the confining potential in the pres- 
ence of the hidden-color state. For this purpose, we also 
adopt an error-function-like confining potential 



V; 



erf-conf . 



-(A?A?) £ 



(21) 



where l cs denotes the color screening length, which is 
taken to be 2.0 fm in the (f2f2) + structure calcula- 
tion. The results are shown in Table VI, from which 
one sees that the resultant binding energy of (i^i~2) + are 
quite similar to those in the quadratic confinement case, 
namely, the bound state property would not change much 
when the color screening effect is countcd. 



D. The mixing of scalar mesons 

The chiral SU (3) quark model has been widely used to 
study the baryon-meson interaction. When the model is 



Chiral SU(3) 
quark model 



set I 
set II (6* 



s = 35.264) 
s - -18) 



61.12 0.70 
134.5 0.64 



Extended chiral set I (9 S - 
SU(3) quark model set II (6» s 



35.264) 
= -18) 



15.9 
75.6 



0.85 
0.65 



extended to study the kaon-nucleon (KN) scattering, the 
scalar meson mixing bctween the flavor singlet and octet 
mesons is considered to explain the experimental phase 
shift. Therefore, the effect of the scalar meson mbdng is 
also studied. In our calculation, scalar a, e mesons are 
mixed from crg and ag with 



a = cr s sin 9 S + a cos 6 S ', 
e = cr 8 cos 8 S — er sin 6 S , 



(22) 



The mixing angle has been an open issue because the 
structure of the a meson is still unclear and controversial. 
Here we adopt two possible values as did in [TEl liH | . One 
is the ideal mbdng with S = 35.264°. This is an extreme 
case in which the a exchange may occur only between 
u(d) quarks, while e occurs between s quarks. Another 
mbdng angle with 9 S = —18° adopted was provided by 
Dai and Wu based on their investigation of a dynamically 
spontaneous symmetry breaking mechanism |22j |. The 
calculated results of f!Om+) are shown in Table VII, of 
which the parameters are taken from Ref.|l6j| by fitting 
KN scattering processes. 

From the results one sees that in the extended chiral 
SU(3) quark model, the binding energy of f2f2m+) has 
very big difference ( from 134 MeV to 15 MeV ) for dif- 
ferent mixing angle of scalar mesons. When the mixing 
of scalar meson is taken to be the ideally mixing, that 
means there is no a exchange between two s quarks, the 
attraction from the a meson has reduced to zero, and 
thus the binding energy becomes much smaller. Com- 
paring with the case of the chiral SU(3) quark model 
in which the binding energy of f2f2( +) is about 60 MeV 
even the mbung angle is taken as ideal mbdng, this means 
that in the extended chiral SU(3) quark model the short 
range repulsive interaction offered by <p meson exchange 
is stronger than that of OGE in the chiral SU(3) quark 
model. At the same time, in the case of 8 S = —18°, the 
attraction of the a meson is still play important role, and 
thus the binding energy becomes larger. In this sense, all 
of these features are useful for examining the model and 
its corresponding parameters. 

Here we would like to point out that when the mixing 
angle of scalar meson is considered, the parameters are 
obtained by fitting KN scattering processes, not by fit- 
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ting NN and YN scattering processes. At the moment, 
we could not get a set of unificd parameter to fit all of 
the scattering data of KN, NN and YN systems. How- 
ever, we would like to see the effect on the structure of 
f2fi(o+) from various set of parameters. The results tell us 
that different sets of parameters have large effect on the 
structure of fifi(o+) dibaryon, especially for the extreme 
case of the ideal mixing. From the above discussion, one 
can see that no matter which set of parameters is taken, 
even in the case of scalar meson ideal mixing the attrac- 
tion from e is almost cancelled by the repulsion from <fi 
cxchange, the f2f2( +) is always a bound state. This is 
because its symmetry structure is very special |8j, and 
the quark exchange effect of f2J7( +) is really important 
to make it always bound. For other systems without such 
special symmetry structure, the binding energies would 
also changed a lot with different sets of parameters. For 
some weakly bound systems, the structure property could 
be changed from bound state to unbound state. Thcre 
would be no such stable bound property like f2f2( +) in 
the systems without such special symmetry property. 

IV. SUMMARY 

In this work, the structure of S!£!( +) dibaryon with 
strangeness s = — 6 is studied in the extended chiral 
SU(3) quark model. The model space is enlarged by in- 
cluding the CC channcl. The caleulations are performed 
by solving a coupled-channel RGM equation. Firstly, 
the veetor meson exchange effect on (f2f2) + dibaryon 
is studied on quark level. The results show that (f2f2) + 
is still a deeply bound state when the veetor meson ex- 
changes control the short range part of the quark-quark 
interaetion, which is quite similar to the results obtaincd 



from the chiral SU (3) quark model. Secondly, the effect 
from hidden color channel on OO( +) dibaryon is stud- 
ied. It is found that the energy of the hidden color state 
\CC) s tr=-e,ST=oo is much higher than that of (f2f2) + 
state, and the cross matrbc elements between (f2f2) + and 
its corresponding hidden color state \CC) s t r =~6,ST=oo is 
relatively small, which explains why the CC channel has 
little effect on the binding energy of f2f2( +) dibaryon 
in contrast to the deltaron dibaryon case with a differ- 
ent situation. In addition, the error funetion confinc- 
ment potential is considered, from which the resultant 
binding energy of (f2f2) + is quite similar to that in the 
quadratic confinement case. Namely, the bound state 
property would not change much when the color sereen- 
ing effect is counted. Finally, the effects of scalar meson 
mbdng on £!£!( +) dibaryon are also investigated. The 
result shows that the binding energy of the ilil( +) has 
changed substantially with different scalar meson mix- 
ings, which becomes larger with 9 S = —18° and smallcr 
in the ideal mbdng with 6 S — 35.264°. It should be noted 
that our current analysis of £!f2( +) dibaryon is based on 
the results from the fit to KN scattering processes, in 
which the scalar meson mixing angle should be consid- 
ered. A further study of the r2f2( +) dibaryon structure 
should be based on results obtained from a fit to KN, 
NN and YN scattering processes simultaneously, at least 
from a fit to NN and YN scattering processes, which will 
be considered in the near future. 

Our conclusion is that the f2f2( +) dibaryon is always a 
bound state regardless which set of parameters is used in 
the extended chiral SU(3) quark model due to its uniquc 
symmetry property. Therefore, the f2f2( +) is the most 
interesting dibaryon candidate. 
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